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ST7EE2POTATOES  AS  HAS7  MATERIAL- 


U(c  rricuturei 

(The  means   that  have  "been  taken  to  preserve   the   potatoes    so    that 
production  of   starch  could  "be  maintained  over  a.  12-month  period 
and  to  lower  the  cost   to   the  manufacturer  is  a  story  that  has  a 
real   significance   for  numerous   industries  using   agricultural  com- 
modities as   their  starting  material.) 
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RATI  MATERIAL   COST  is  frequently  greater   than  processing  cost.      Chemi- 
cal  and  engineering   ingenuity  in  process   development  may   sometimes  be   de- 
feated "by  inability  to  obtain  suitable  raw  materials  at  feasible  cost. 
Recent  experience  of   the  authors  in  an  endeavor  to   develop  a  sweetpotato 
starch  industry   in  the  United   State s-Mllust  rates  a  situation  in  which  reduc- 
tion in  raw  material  cost  was  indispensable. 

Development  of  a  southern  sweetpotato    starch  industry  for  supplying 
a  portion  of  domestic  root    starch   requirements  would  have    several  advantages, 
such  as  use  of  a  crop  excellently  adapted  to    southern  conditions,   low  trans- 
portation cost  for  raw  material  and  products   (consumption  of   starch  in  con- 
tiguous cotton  mills)  ,  production  of  a  hyp  redact  feed  of  high  carbohydrate 
content  needed  in  the    South  for   supplementing  cottonseed  meal  for  cattle  feed, 
substitution  of   sweetpot-atoes  for  cotton  in  submarginal  area.s,   benefit  from 
greater  use   of  a  root   crop   in  crop   rotation  systems,    assistance   in  solving 
the    cut -oyer  pi no land  problem   (since    "sweofrpotatoes  are  particularly  adapted 
to   newly  cleared  lands-"—'  )  ,    adequate,  domestic   supply  of  root    starch  in  case 
of  war,    and  accessibility  for  coastwise   shipment. 

The  primary  jjroblems  to  he    solved  were:      (l)    development  of  an  econom- 
ical process  for  obtaining  satisfactory  yield  of   starch  of  high  quality;    (2) 
selection  and  development  of   suitable  mechanical  equipment;    (3)    investiga-      * 
tion  of   the  properties  of   the   starch  and  its    suitability  for  various  uses; 
(4)    development  of  byproducts;    (5)    devising  method  of   storing   sweetpotatoes 
to  permit  year-round  factory  operation;    (6)    adapting,  the   crop   to   this  new 
type  of  use   so  as   to  obtain  feasible  raw  material  cost.      The  purpose  of  this 
article   is  to  outline  the  collateral  research  under  (6)   which  was  essential 
for  supplementing   chemical  and  chemical  engineering  investigations   in  con- 
nection with  the   design,   erection  and  operation  of  a  sweetpotato    starch 
factory  at  Laurel,    Miss.    ■ 

FOOTNOTES:      Contribution  No.    147  from  the   Carbohydrate  Research  Division, 
Bureau  of  Chemistry  and  Soils,  U.S.   Department  of  Agriculture.- 

Reprinted  from  CHEMICAL  &  METALLURGICAL  ENC-INEERI1JG- ,    -  VOL.    46,    -  No.   2, 
FEBRUARY,    1939^jro^MjU 


Although   sweetpotatoes  are   the  largest  vegetable   crop   in  the   South, 
they  are  grown  primarily  on  a  small-plot  "basis.     Low  yields  per  acre   (United 
States  average  for  1936  was  78  bu.—  0    are  due    to  factors   such  as  growing  of 
low-yielding  varieties  of   smaller   size   to  meet  food  market   requirements  and 
to  'the    seeking  of  early  maturity  and  harvesting   in  order  to   obtain  better 
market  prices.      The  grower  has  endeavored  to   obtain  a  high  proportion  of 
U.S.    No.    1  grade    (a  medium  size  potato  of  rather  uniform  shape),   which  is 
not   always   consistent  with  high  yields. 


late 


experience    showed,    it  is  possible    to   attain,  a  produc- 


tion of  approximately  2  tons  of    starch  per  acre   in  sweetpotatoes  in  the 
ground  (300  "bu.   per  acre   at   23.8  per  cent  average   starch  contents-),    as 
compared  with  1.25  tons   (in  the  United  States)    inphite  potatoes   (262  "bu. 
per   -ere  at  15,9  per~cent  average   starch  content^)    and  1.4  tons   in  corn 
(80  "bu.  per  acre   at   62.5  per  cent   average   starch  contents./).      This  favorable 
comparison  in  production  of   starch  per  acre   is   the  "basis   of  potential  non- 
food utilization  of    sweetpotatoes,   provided  this  advantage   can  "be   carried 
through  agricultural  and  manufacturing  processes  and  translated  into   a  cor- 
respondingly favorable  price   for   the   finished   starch. 

Eield  Experiments 

Since   this  enterprise   involves  utilization  different  from  that  con- 
sidered heretofore   in  agronomic  and  plant  physiological  research  on  this 
crop,    systematic  field  experiments  were   conducted   oy  AndersorsZ/  with  refer- 
ence   to  factors   such  as   influence   of   composition  and  amount   of  fertilizer 
on  yield  and   starch   content  of   sweetpotatoes.      Comparative   tests  of  differ- 
ent varieties  were  made  with  respect   to   starch  yield  per  acre.      Investiga- 
tions of   the   rate   of    storage  of    starch  in  sweetpotatoes  in  relation  to 
various  factors   showed  the   advantage   of  a  long  growing   sea.son  for   starch 
production.      In  the  Laurel   section  the  practice   now  is  to  plant  potatoes 
during  the  first  half  of  May.      Later  plantings  have  been  adversely  affected 
by  dry  weather  in  August  and  September  during  the  last   three  years,   whereas 
with  early  planting,    a  dry  period  at   the  end   of   the   season  is   apparently 
favorrble   to  high   starch  content.     Even  with  earlier  planting,   growers  in 
the   Laurel   section  are   able  to  plant  potatoes   in  the   same  ground  after  har- 
vesting truck  crops   such~~as   spinach.      The  quantity  of  fertilizer  has  been 
increased  profitably   to   600-1,000   lb.   per  acre.     Experiments   to   date   indi- 
cate  that,   by  a,  change   in  spacing  and  arrangement,    the   number  of   sweetpotato 
plants  per  acre   can  be  materially  decreased  without   reduction  in  yield,  thus 
effecting   an  economy   in  cost  of  producing  the   crop  when  intended  for   starch 
manufacture.     Experience   in  this  area  indicates   that  ~by  following  recently 
established  practices,   yields  of  at   least  300  bu.  per  acre    should  be    the 
rule. 

Experiments  on  development  of   sweetpotato    strains  of    still  higher 
starch  content  or  otherwise  greater  suitability  were  undertaken.      Thousands 
of   seedlings  have  been  grown  ^oy  the  U.    S.  Bureau  of  Plant   Industry. 27      Miller 
has   obtained  seed  from   sweetpotatoes  under  Louisiana,  conditions  and  has  pro- 
duced a  great  number' .of   seedlings   in  cross-breeding  experiments.—'      Solution 
of   the  problem  of    "barren  hills"   is   important-  for  increasing  further  the 
acre   yield.      Such  hills,    almost  devoid  of  potatoes,   may  occur  alongside  hills 
of   abundant  yield.      Investigation  of   this  problem  has  been  undertaken  oy 
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Bo  swell,    Steinbaucr,   Hoffman  and  Edmund. — ' 

Because  of  its   small  plot  "basis  and  necessity  of  avoiding  braising 
(sweetpotatoes  heal   cuts,   "but  not  braises),      this   crop  ha.s  been  mechanized 
to   only  a  minor  extent.      Industrial  utilization  would  result  in  growing   the 
crop   in  large  plots,    thus  permitting  use   of  more   efficient  planting  and 
harvesting  implements  which  is  of  great  importance  for  reducing  production 
cost.     For  starch  manufacture  braising  is  not   so  objectionable  and,  hence, 
this  obstacle   to   mechanization  is  eliminated.      Research  for  improving     me- 
chanical sv/cctpot  a  to   diggers  has  been  conducted  by  Jones—7    and   oy  Gray, 
Hurst   and  Randolph.  —'      She   latter  has  made   important  progress   in  adapting 
the   combination  white  potato  digger  and  loader   to  harvesting  of   swectpota- 
toes.      Improvement   in  machines  for   setting  potato  plants   is  being  undertaken. 

Value  of  Vines 

Removal  of  vines  is  necessary  for  operating  the  combination  potato 
digger  and  loader  and  this  development  makes  possible   a  systematic   salvag- 
ing of  the  vines   (not  feasible  heretofore),   which  have  good  feeding  value 
and  are  palatable   to   cattle,      Hie  protein,   fat   and  fiber  contents  of   sweet- 
potato  vines   (dry  ba,sis)    compose  favorably  with   those   of   red  clover,    crimson 
clover,    cowpea,    and  soybean  hays..i£/ 

Feeding   tests   on  the   residual  pulp  from  sweetpotato    sta.rch  manufac- 
ture   showed  that   it   is  95  per  cent  as  valuable  for  milk  and  fat  production 
as   crushed  ear  corn  and  sugarbeet  pulp.±^/      In  feeding  tests  with  beef   cat- 
tle,   steers  fed  sweetpota/fco  pulp    in  a  mixed  ration  "made   considerably  greater 
daily  gains,   cheaper  gains,    shra„nk  less  and  had  a  higher  dressing  percentage 
than  the   steers   in  the  other  throe    (comparison)    lots.      Ihe   selling  price 
per  100  lb.    (at  the   National   Stock-yards,    St.    Louis,   Ivlo.)    was  also   in  favor 
of  this  lof'.ioaV 
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Black  and  I.IcComasJi^-/    indica-te   several  fa.ctors   (including  almost   com8- 

plete   elimination  of   cattle   tick)    vrhich  should  cause   an  appreciable  increase 

in  the   number  and  quality  of   cattle   in  the   Coastal  Plain  States  where   the 

byproduct  pulp  from   sweetpotato    starch  vrould  be  principally  available. 

Sweetpotato  pulp   supplements   cottonseed  meal   through  addition  of 

carbohydrates  and  renders  more  effective   the  utilization  of   this,  southern 
feedstuff  whichl   because   of  local  availability  and  lack  of   sufficient  car- 
bohydrate feed,    is  often  fed  as   the  principa.1  concentrate   in  the   cattle 
ration.      The  dried  palp   of   the   Laurel  factory  has  found  a  ready  market  and 
has  been  sold  principally  to   dairymen  in  Mississippi   (at  $27  per  ton).      The 
byproduct  from  processing   sweetpotatoes  for   starch  is  thus  of  reciprocal 
benefit  to   agriculture;   under   some   conditions   it  might  be  returned  to 
growers  in  partial  payment  for  potatoes. 

The   starch  factory  can  operate  only  about   100   days  per  year,   "oy 
using  fresh  sweetpotatoes.     Year-round  operation  is  desirable   in  order  to 
reduce  fixed  charges  per  unit  of  production.      Storage   of   sweetpotatoes 
under  controlled  atmospheric  humidity  and  temperature   conditions  was  not 
feasible.     Furthermore,    the   sweetpota.to   is  rich   in  amylase  and  considerable 
loss  of   starch  by   conversion  occurs  during   storage  even  at  optimum  temper- 
ature and  humidity.      Dehydration  of   sweetpotatoes  by  ordinary  heat   appli- 
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cation  methods  is  not  practicable  because  of   cost   and  necessity   (to  pre- 
vent gelatinization  of   starch)    of  using,    during  th.3  initial   stage, 
a  relatively  low   temperature    range   which  would  permit  conversion  of   starch 
by  amylase.     Hopkins  and  Phillip s.^v-'    found  that  when  ground  sweetpotatoes 
are   t?rea.ted  with. a   small  proportion  of  certain  reagents  (e.g..    carbon 
•  tetrachloride,    carbon  di sulphide  or   sulphur  dioxide),    the   cell  walls  be- 
come permeable   to   liquid  so   that   a  la,rge  proportion  of  juice    can  be   elimi- 
nated mechanically*      Removing  juice   in  this  manner  at  atmospheric  tempera- 
ture   is  cheaper   than  evaporating  water  and  makes  possible  recovery  of  a 
large  proportion  of   solubles  without  dilution.      3?rom  60   to  70  per  cent  of 
the   juice   in  sweetpotatoes   is   removed  by  chemical   treatment   and  pressing, 
as   compared  with   removal  of  only  one- tenth  as  roach  juice   at   the    same  pres- 
sure from  untreated  potatoes.     Use   of  factory  flue  gas   to   evaporate  much 
of   the   remaining  water  which  must  be   elimina.ted   in  order  to   reduce  water 
content   to   about   12  per   cent  "(at  which  the  potatoes  are    stable  for  storage) 
in  conjunction  with   the   byproduct  value  of   the  \mdiluted  juice    should  make 
possible  a  low  net_  dehydration  cost, 

There   are  various  possibilities  of  utilizing  the   juice   (containing 
9,5-11,5  per  cent    solids  and   6,5-3,5  per  cent    sugars) ,    including  fermenta- 
tions of  different   types  or  concentration  to   molasses  density  and  mixing 
with   the   residual  pulp   to   increase    the  yield  of  byproduct  feed.      Simpli- 
fication of   the    starch  process  with  reduction  in  manufacturing  cost   is 
made  possible  by  this  preliminary  elimination  of    solubles.      An  important 
improvement   in  the  process  has  boon  made  by  using  a  small  proportion  of   dry, 
hydrated  lime,      A  pilot  plant  for  working  out   operating  dctadls   and  mechaniz- 
ing  the   continuous  dehydration  of    sweetpoto,toes   is  being  erected  at   the 
Laurel  factory. 

Dehydration  on  the  farm  as  well  as  at    the   factory  would  materially 
reduce   the  weight  and  cost  of   transporting  potatoes   to   a  starch  factory. 
It  may  be  possible   to  utilize    the   expressed  juice   by  adding   it   to    sweet- 
pota.to  vines   siloed  in  trench   silos   so   as  to  maintain  desired  microbiolog- 
ical flora  (as   in  use  of  diluted  blackstrap  molasses  in  silos).    If    sweet- 
potatoes  could  be   dehydrated  on  the   farm  at  low  cost,    it  would  become 
possible   to  put   this   crop  on  a   stable   storage  basis  which  would  place  it 
in  the    same   status   as   corn.      This   is  one   of   the  most   important  of   the  fac- 
tors  intervening  between  the  -production  of   starch  in  potatoes  in  the  ground 
and  the  marketing   of  extracted,    parified   starch. 

Sweetpotatoes   are  excellent   cattle  feed  and  can  be    substituted  for 
half  of   the   corn, in  the   ration,    3  lb,    of    (fresh)    sweetpotatoes  replacing 
1  lb,    of  corn.isV     Farmers  in  the  Laurel  area  have   stated  that,    in  view  of 
the  greater  obtainable  yield  per  acre  of   swee tpota.toes,    they  would  reduce 
corn  acreage  and  increase    sweotpotato   acreage   for  feed  production  if  farm 
dehydra.tion  units  become  practicable. 

Considerable   research  must  yet  be    conducted  in  order  to   determine 
the   feasibility  of  farm  dehydration  of   sweetpotatoes.      If    this   can  be   accom- 
plished on. a  satisfactory  basis,    it  may  lead   to   increased  production  of. 
sweetpotatoes  for  feeding  purposes.      Mass  production  of   sweetpota,toes  would 
tend  to  lower  prod-action  costs  and  would  be   favorable   to  utilization  for 
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starch  manufacture.      With  dehydration  on  the   farm  and  use  for  feed,    the    sit- 
uation of   this   crop   in  the   South  would  "be   comparable   to   that  of   corn  in  the 
North.      In  "both  cases,  utilization  for  manufacture  of   starch  and  derived 
products  would  be   accessory  to  use  as  feed  on  the  farm,    and  sweetpotatoes 
in  the    South     would  "be,    in  many   respects,    a  counterpart  of   corn  in  the 
Middle  West. 

Some  of   the   research  problems  indicated  have  "been  solved  and  others 
are  only  in  process  of  investigation.      There   is  evidently  much  latitude  for 
accomplishing  by  research  a  material  reduction  in  the   net   cost  of  producing 
and  harvesting   sweetpotatoes.      This  results,  primarily  from  a  radical  change 
in  viewpoint  and  in  requirements  when  the   crop    is  utilized  for   starch 
manufacture   instead  of  for  food.      The  margin  for  reducing  raw  material  cost 
with  change  in  type  of  utilization  undoubtedly  varies  from  one  crop   to 
another  "but,   when  changing  from  food  to  non-food  use,    it   is  probable   that 
the   charge   in  cost  is  generally   in  the  direction  of  reduction.      It   is  evi- 
dent  that   the   interests  of  agriculture  and  of  industrial  processors  of 
agricultural   commodities  are,    in  many  ways,   mutual  and  that   research  applied 
to    crop  production  may  "benefit  bot?a.      Benefits,    such  as  those   indicated, 
may  accrue    to   agriculture  from:      (l)    expanded  markets;    (2)    improvements  in 
methods  of  handling  crops;    (3)    new  farm  "byproducts;    (4-)   "byproducts  of 
processing  the   crop  which  are  available   locally  and  which  meet   an  agricul- 
tural need. 
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